than 48 hours, but this improved spontaneously after 3 to 4 days. No serious adverse effects stopped the treatments.
Clinical Outcomes of Metastatic Melanoma Treated With Checkpoint Inhibitors and Multisite Radiotherapy
Over the past decade, the treatment of advanced melanoma has been enriched by several new immunotherapies, such as immune checkpoint inhibitors for cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) or programmed cell death 1 (PD-1). However, a considerable proportion of patients do not respond to these drugs, 1 and new strategies are needed. Among them, the use of checkpoint inhibitors with concomitant radiotherapy appears relevant. 2 The rationale is that the tumor killing can increase tumor antigen in the bloodstream, favoring antigen presentation leading to an immunogenic response to tumor cells outside of the radiation field, defined as the abscopal effect. 3 Results of this strategy have mostly been reported for the treatment of brain metastasis with stereotactic ablative radiotherapy (SABR) and anti-PD-1, 4,5 ipilimumab, 4 or anti-programmed cell death ligand 1 (PD-L1). 6 Data concerning extracerebral irradiation and data analyzing the impact of irradiation of several tumor sites with immunotherapy are scarce. To irradiate several tumor sites could indeed increase the diversity of antigen presentation and thus increase the probability of response.
Methods | In this study we describe the treatment of metastatic melanoma patients receiving multisite radiotherapy with immunotherapy. All patients signed written informed consent. Institutional review board approval was waived by the Department for Clinical Research and Innovation, University Hospital of Nice, France, because it is a retrospective study and all data used were fully deidentified. No patients were compensated. Statistical comparisons were 2-sided and performed using χ 2 and log-rank tests for censored data. The MannWhitney test was used for median comparisons among quantitative data. Participants were irradiated for a minimum of 2 metastastic lesions, with either a local curative intent (oligometastatic patients: SABR group) or with a palliative and/or symptomatic intent using 3-dimensional conformal radiotherapy (3DCRT group).
Results | The detailed features of the patients and treatment are presented in Table 1 . Forty-six metastatic lesions (brain, n = 9; liver, n = 3; spinal cord/spine, n = 4; muscle, n = 2; bone, n = 10; skin, n = 2; lung, n = 7; cauda equina/spine, n = 2; retroperitoneum, n = 1; adrenal, n = 1; and lymph node, n = 5) in 15 patients were irradiated. The median age was 57.1 years (range, 48.9-81.4 years). Of 15 patients, 11 (73%) were men. Five patients were treated with SABR (n = 19 metastatic tumors), and 10 (n = 27 metastatic tumors) were treated with 3DCRT. The median number of tumor sites treated was 2 (range, 2-8).
Regarding safety outcomes, we did not see any grade 4 (G4) to G5 toxic effects. The most common adverse events were of G1 to G2, including asthenia (6 patients; 2 G3 lasting for 2 weeks, 1 G2, and 3 G1), headache (1 patient, G1), pruritus (4 patients, G1), nausea (4 patients, G1), hypothyroidism (2 patients, G1), diffuse pain (1 patient, G1), alopecia (1 patient, G2), vitiligo (3 patients, G1), cough (1 patient, G1), dyspnea (1 patient, G1), and right frontal brain radionecrosis with left limb paresthesia (1 patient, G2). The 3 patients with vitiligo achieved a tumor response. More importantly, for 1 of these patients a complete response was observed, and the vitiligo developed in the radiation field before it extended to the eyelashes and eyebrows. No cases of adrenal insufficiency, hypophysitis, or colitis were reported. Six patients had no toxic effects to report. Regarding efficacy ( Table 2) , with a median follow-up of 14.1 months (range, 1.6-19.8 months) from radiotherapy, the 6-month and 1-year progression-free survival (PFS) and overall survival rates (from radiotherapy) were 71.8% and 46.2% and 77.9% and 58.4%, respectively. Notably, 5 patients received radiotherapy after failure of immunotherapy while maintaining immunotherapy treatment (2 patients with nivolumab, 3 with pembrolizumab). For these patients, we did not observe abscopal effect, but tumor stabilization and/or response was reported for 13 (93%) of 14 irradiated metastatic tumors (median PFS, 4.8 months). In this study there was no difference of local control or survival between the SABR and the 3D group, although radiation dose was much higher in the SABR group, and this is despite the oligometastatic profile of SABR patients.
Discussion | This study shows that concurrent multisite radiotherapy with checkpoint inhibitors can have positive clinical outcomes in metastatic melanoma and is associated with a lowgrade toxic effects profile. Prospective studies with larger samples of patients are needed to confirm the interest of this combination. The translational focus on immunologic markers appears necessary to improve patient selection for future clinical applications. This will be tested within the ongoing NCT02799901 phase 2 trial. Methods | This study was approved by the Boston University institutional review board. Oral informed consent was obtained from participants. A paper-based survey collected participant characteristics, and software (PowerPoint; Microsoft) was used to project a convenience sample of 10 skin lesions, cropped to a square shape to mask other morphologic and contextual characteristics (shape, size, body location). Each lesion was presented twice by simple randomization against a warm yellow and cool blue background (Figure) , so that each participant coded 20 lesions. Correct color choice was independently agreed upon by 3 dermatologists and further confirmed by a color image extract tool, which provided the RGB (red, green, blue) decimal code color. Differences in mean scores stratified by participants' demographic and baseline characteristics were compared using unpaired 2-tailed t test and 1-way analysis of variance. To allow each participant to serve as his/her own control and account for potential confounders, a matched analysis comparing rates of correct identification of each lesion color stratified by warm vs cool background was performed using McNemar test and Wilcoxon signed rank test. 
